Objectives. To assess years of life lost to each cause of death in the United States between 1995 and 2015, and compare it with the number of deaths.
ach year, the Centers for Disease Control and Prevention (CDC) publishes data on causes of death in the United States. Results include the 15 leading causes of death, currently led by heart disease and cancer, which cause more than half of all deaths. 1 Although heart disease caused more than twice as many deaths as cancer in 1970, 2, 3 the difference has declined markedly, [1] [2] [3] and recent CDC projections suggest that the number of deaths from cancer will surpass that from heart disease by 2020. 3 The growing importance of cancer was highlighted by the federal government's decision in 2016 to launch a Cancer Moonshot initiative. However, focusing solely on the number of deaths from cancer paints an incomplete picture of its impact, because cancer often occurs at younger ages than does heart disease. To better understand the burden of disease, some have suggested measuring life-years lost, rather than deaths, from each cause. 4, 5 On the basis of remaining US life expectancy at each age, an infant death results in a loss of 78.8 life-years whereas a death at age 99 years results in a loss of 2.4 life-years. 6 From the standpoint of life-years, the death of 1 infant is equivalent to 33 deaths of 99-year-olds. Although some might consider this weighting a form of age discrimination, bioethicists have emphasized that it allows everyone a "fair chance" to achieve a normal life span. 7 Because the leading causes of death primarily occur in the elderly, relying on the number of deaths from a particular condition may distort perceptions about the importance of that condition. We sought to understand causes of death by life-years lost and evaluate changes over the past 20 years. The results may help policymakers to prioritize research funding and assess progress toward mortality reduction on the basis of disease burden.
METHODS
In our first step, we followed established methods to estimate life-years lost. 4, 5, 8 Specifically, we obtained cause-of-death data from the National Vital Statistics System for 2015 and 1995. 9 Vital Statistics documents all resident death certificates in the United States (> 99% of deaths nationwide). 1, 10 For each decedent, we defined "life-years lost" as US life expectancy for their age (with ages ‡ 100 years categorized as 100 years), sex, and race (White or Black; the national average across races was used for other minorities). 6, 11 For 2015 mortality, we used 2012 life expectancy, the most recent year available. 6 For 1995 mortality, life expectancy was not available for ages 86 to 100 years, so we assumed the same proportionate decline in life expectancy for each single age as in 2012. 6, 11 Results were stratified by sex and race. We then summed life-years lost across all individuals, and calculated the share of life-years lost to each cause of death to better understand how the leading causes of death compared on the basis of number of deaths and number of life-years lost. To better understand reasons for the change in life-years lost between 1995 and 2015, we developed a mathematical model to consider 3 factors: changes in disease-specific mortality rates, population growth, and longer life expectancy. Our methods were as follows. First, we recognized that life-years lost was the product of the number of deaths and remaining life expectancy. Second, the number of deaths was the product of the mortality rate and population size, so that life-years lost equaled the mortality rate multiplied by population size multiplied by remaining life expectancy.
Third, for each age (single-year increments), sex, race, and cause-of-death subgroup, we employed a first-order Taylor series expansion, so that the change in life-years lost was approximated by a weighted average of the change in mortality rates, the change in population size, and the change in remaining life expectancy. Available as supplements to the online version of this article at http:// www.ajph.org, Appendix A provides further details, and Appendix B provides case examples of these methods for cancer and heart disease. We performed analyses in Stata/MP version 13.1 (StataCorp LP, College Station, TX).
RESULTS
Leading causes of death and life-years lost appear in Table 1 . In 2015, heart disease ranked slightly above cancer as the leading cause of death (635 310 vs 596 730 deaths) but cancer accounted for almost 2 million more life-years lost (9 260 413 vs 7 529 750). Conditions that disproportionately affect young people appeared more prominently when measured by life-years lost. For example, accidents resulted in 5.4% of deaths, slightly below chronic lower respiratory diseases, but caused twice the share of lifeyears lost (10.6%). Similarly, suicides ranked fifth in life-years lost versus 10th in number of deaths, perinatal conditions ranked 9th versus 18th, and homicides ranked 10th versus 16th. By contrast, Alzheimer's disease was the 6th-leading cause of death but only the 11th-ranked cause of life-years lost.
Trends from 1995 to 2015 also appear in Table 1 . Deaths from heart disease decreased by 103 351, saving 482 937 life-years or 4.7 life-years per death averted. Cancer deaths increased by 57 857, with a loss of almost 22 years per additional death. Accidents were the fastest growing cause of life-years lost (1 315 573), highlighting a 4.5-fold increase in life-years lost to accidental poisonings, primarily drug overdoses. Other conditions with large increases in life-years lost included chronic lower respiratory diseases, Alzheimer's disease, and suicides (448 598-670 237 each). By contrast, the largest improvement in life-years lost was from HIV (-1 341 882); other conditions with large improvements included homicides, influenza and pneumonia, and congenital malformations (-176 541 to -121 225 each). Life-years lost increased by more than 100 000 for 12 causes of death but decreased in similar magnitude for only 5 causes.
Reasons for the Change in Life-Years Lost lost since 1995. However, the total number of life-years lost actually increased by 5 910 837 (17%) during the study period, attributable to population growth (mostly in individuals aged 50 to 64 years, 16% contribution) and longer life expectancy (mostly in White males, 5% contribution). Table 3 (and Appendix C, available as a supplement to the online version of this article at http://www.ajph.org) shows the results by disease. Life-years lost to cancer increased by 1.3 million, which was entirely attributable to longer life expectancy and population growth. Had both factors remained constant since 1995, life-years lost to cancer would have fallen by 3.0 million (38%). For comparison, life-years lost to heart disease would have fallen by 4.5 million (56%) and life-years lost to accidents would have risen by about 0.5 million (16%). Substantial progress in disease-specific mortality rates also contributed to reduced life-years lost to HIV (-99%) and peptic ulcers (-76%).
More deaths in individuals aged 50 to 64 years contributed heavily to growth in life-years lost to primary hypertension (25%), septicemia (21%), nephritis (17%), and chronic liver disease (15%), and more deaths among the very elderly (individuals aged ‡ 80 years) contributed heavily to growth in life-years lost to Alzheimer's disease (189%) and Parkinson's disease (42% Heart disease. The decline in life-years lost to heart disease was primarily attributable to progress in treating acute myocardial infarction (-1 004 911 life-years lost, of which 84% was attributable to a lower disease-specific mortality rate; Appendix E, available as a supplement to the online version of this article at http://www.ajph.org).
Life-saving treatment of acute disease gave rise to an increase in chronic disease as life-years lost to heart failure and hypertensive heart disease both increased (269 714 and 312 099, respectively), primarily because of population growth but also because of rising heart disease-specific mortality (Appendix E). Accidents. Although accidents had the largest increase in life-years lost (Table 3) , this was almost entirely from accidental poisonings and falls. Had these factors not changed, accidents (primarily motor vehicle accidents) would have fallen by 11.3% (-336 819 life-years; Appendix F, available as supplement to the online version of this article at http://www.ajph. org), ranking as the third largest decrease in life-years lost in 2015, between heart disease and homicide (Table 3) . Nearly all growth in life-years lost to accidental poisonings was attributable to a higher mortality rate (88% of growth), but an aging population substantially contributed to growth in life-years lost to falls (46% of growth; Appendix F). Chronic lower respiratory diseases. Chronic lower respiratory diseases had the third largest increase in life-years lost ( Table 4 (and Appendix H, available as a supplement to the online version of this article at http://www.ajph.org) shows results by race and sex. Progress in heart disease was mostly limited to Whites; life-years lost increased 20.8% for Black males and 3.5% for Black females, attributable to increased population size and life expectancy for young and middle-aged minorities. We observed similar differences for cerebrovascular disease (+15.9% for Black males vs -0.1% for White males). By contrast, the increase in life-years lost to accidental deaths (including overdoses), suicides, and chronic liver Changes in disease-specific mortality -27.9
Racial Differences
Decreases -39.6
Diseases of heart -13.0 Note. Life-years lost increased by 5 910 837 from 1995 to 2015. We attributed the change to 3 factors: longer life expectancy, population growth, and changes in disease-specific mortality rates.
disease was at least one third smaller for Blacks than Whites, because of progress in mortality rates. Absolute racial differences in males were twice as large for homicides using life-years lost (10.7% share of deaths in Black males vs 1.4% in White males) as when using deaths (4.9% vs 0.5%; Appendixes I-J, available as supplements to the online version of this article at http://www.ajph.org), and lifeyears lost to homicides since 1995 increased slightly for Black males (+2.4%) while declining 29.9% for White males (Table 4) . Similarly, racial differences in females were 3.5-fold larger for perinatal conditions when one considers life-years lost as opposed to deaths (Appendixes K-L, available as supplements to the online version of this article at http://www.ajph.org). HIV fell from the 3rd to the 11th-ranked cause of life-years lost in Black males; among White males, HIV declined from the 4th to the 22nd-rank (Appendixes I-J).
DISCUSSION
In this analysis of US mortality trends over 20 years, we considered changes in life-years lost, a topic that has been previously addressed in the Global Burden of Disease project 4, 5 and CDC reports. 8 For all leading causes of death, we compared the number of life-years lost with the number of deaths by age, sex, and race, and developed a model to assign underlying reasons for historical patterns. Reordering mortality by life-years lost painted a fuller picture of changing mortality and its distribution across various population segments, suggesting a number of timely observations. First, although heart disease is often cited as the most common cause of death in the United States, 1, 3, 12 this claim can be misleading. Heart disease caused 6% more deaths than cancer but, because of heart disease's concentration in the elderly, 23% fewer life-years lost. (Before age 75 years, heart disease caused 58% fewer deaths than cancer.) Our analysis also highlights the differential success in treating heart disease and cancer. Improvements in primary and secondary The prevention of death from these acute events, however, gave rise to resultant chronic conditions such as heart failure and hypertensive heart disease, which have contributed to increases in premature deaths from heart disease. Life-saving treatments for these conditions, including angiotensin-converting enzyme inhibitors, beta-blockers, and implantable cardiac defibrillators have been less successful in extending life at the population level. Whether this is attributable to undertreatment or poor patient compliance, 13, 14 there are clearly opportunities for improvement.
In contrast to the gains in heart disease, over the same time period, life-years lost to cancer have increased by 16%. This increase occurred because population growth (especially baby boomers) and longer life expectancy from 1995 to 2015 entirely offset gains in disease-specific mortality rates. Despite large investments in research and treatment, life-years lost only declined for 6 types of cancer: lymphoma (both non-Hodgkin's and Hodgkin's), breast, prostate, stomach, and cervical cancer. The combined gains for these sites were dwarfed by the increase in life-years lost to pancreatic and liver cancers (158 338 vs 529 953), for which screening is ineffective and survival is bleak. In addition, life-years lost to lung cancer increased 102 128 despite a 52% decline in disease-specific mortality, suggesting that as smokers avoided lethal cardiovascular events, their competing risk of lung cancer death increased. As the nascent Cancer Moonshot initiative seeks future progress in methodological dimensions-encouraging cooperation among researchers, developing big data, and promoting genetic-based treatments-our analysis highlights the need to target cures for pancreatic, liver, and lung cancers to achieve population-level gains. Second, the importance of "nondiseases" has risen substantially since 1995. Despite a decline in homicides, the increase in lifeyears lost to accidental deaths outpaced all other causes, and the increase in life-years lost to suicide was slightly above that for diabetes. To put it in context, the entire gains of the past 20 years in preventing and treating HIV were offset by the increase in accidental deaths, particularly deaths related to substance use. Although many of these deaths are attributable to heroin or fentanyl obtained illegally, 15, 16 4 in 5 new heroin users initially misuse prescription opioids, 17 and more than 240 million prescriptions for opioids are still written annually. 17 Whether initiatives such as $1.1 billion in new federal funding can reverse this tragedy remains to be seen. 18 This burden of addiction and mental illness highlights the need for effective treatment of these conditions. A notable exception for nondiseases was motor vehicle accidents, for which improved vehicle safety led to a 21% decline in life-years lost since 1995.
Third, our analysis highlights changes in causes of death for the very elderly, all of whom must die of something. Among elders aged 80 years or older, changes in disease-specific mortality rates were dominated by Alzheimer's disease and heart disease, leading to a change in life-years lost that exceeded the combined contribution of all other causes of death. The more than 3-fold increase in life-years lost to Alzheimer's disease may be partially attributable to elders not dying of heart conditions. In particular, given the low quality of life associated with neurodegenerative diseases, one must consider that future progress in other disease areas is likely to increase the need for advances in Alzheimer's and other dementia research.
Fourth, despite progress in racial disparities since 1995, challenges remain. As a consequence of narrowing racial disparities in life expectancy (Appendix N, available as a supplement to the online version of this article at http://www.ajph.org), there has been an increase in racial differences in life-years lost to heart and cerebrovascular diseases. This implies that, although life expectancy is increasing for some Black Americans, others, particularly the poor, who are more likely to suffer early cardiovascular disease, [19] [20] [21] are not sharing in those gains. Blacks are at least 50% more likely to die early from heart disease or stroke, 22 a statistic reflected by a 21% increase in lifeyears lost for Black males.
Moreover, violent deaths remain especially important to Black males, a topic that has drawn increased national attention with the Black Lives Matter movement. Homicides ranked third by life-years lost for Black males, compared with 16th by number of deaths across races. Our analysis also highlighted the importance of HIV; similar to past findings, Blacks represented 13% of the US population but accounted for 53% of HIV-related deaths.
23-25 Only 29% of infected Black patients achieved viral suppression in 2012. [23] [24] [25] Similarly, racial disparities in infant mortality contributed to perinatal conditions being the fourth-leading cause of life-years lost for Black females. 22 Infant mortality rates among Blacks were double that of all races (10.4 vs 5.9 per 1000 live births) in 2015, 26 although, even for Whites, the United States lagged behind all major industrialized countries. 26, 27 We acknowledge that some might consider life-years lost to be a form of age discrimination. However, bioethicists have argued that everyone in society deserves a "fair chance" to live a normal life span, with younger individuals having a stronger claim of fairness for additional years. 7, 28 Others generally support our construct but argue that the greatest weighting should be attached to death in young adults, who actively contribute to the labor force and community. 29 
Limitations
Our study has several important limitations. First, death certificate data may be inaccurate 30, 31 and the quality of these data may vary by year. In particular, because dementia awareness has increased in recent years, 32 it is possible that our analysis overstated growth in life-years lost to Alzheimer's disease. However, we used the same raw data that inform national reports on leading causes of death, 1,2 so to the extent that our analysis contains inaccuracies, national reports should as well. Large categories, such as heart disease and cancer, may be less susceptible to yearly coding variation.
Second, individual life expectancies were not adjusted for risk factors (such as tobacco use or obesity) or cause of death and, for some decedents, likely differed from national averages. 33, 34 The information necessary to perform such adjustments was not available from death certificate filings.
Third, we only considered racial disparities between Black and White individuals, as opposed to other minorities (for whom data may be less accurate), 35 and did not address ethnicity.
Fourth, life expectancy was not adjusted for quality of life. Because this factor generally declines with age, including quality-adjusted life-years would amplify results of this analysis.
Public Health Implications
Life-years lost may provide additional context for understanding long-term mortality trends. Focusing on life-years provides perspective on the societal burden of disease (e.g., cancer has already surpassed heart disease as the leading cause of life-years lost) and highlights the disparities in disease burden by race and sex. On the basis of current trends, future progress in secondary prevention and treatment of chronic heart conditions, prevention and treatment of addiction, and research to prevent or treat certain cancers and neurodegenerative disease appear critically important. Note. The funding source had no role in study design; in the collection, analysis, and interpretation of data; in the writing of the report; or in the decision to submit the article for publication.
